Factorization theorem plays the central role at high energy colliders to study standard model and beyond standard model physics. The proof of factorization theorem is given by Collins, Soper and Sterman to all orders in perturbation theory by using diagrammatic approach. One might wonder if one can obtain the proof of factorization theorem through symmetry considerations at the lagrangian level. In this paper we provide such a proof.
Factorization theorem plays the central role at high energy colliders to study standard model and/or beyond standard model physics. The proof of the factorization theorem is very non-trivial and is given by Collins, Soper and Sterman by using diagrammatic approach to all orders in perturbation theory [1, 2] (see also [3, 4] ). Factorization refers to separation of short-distance from long-distance effects in field theory. Using the factorization theorem the hadron production cross section at high energy hadronic colliders can be calculated by using the well known formula σ(AB → H + X) = a,b,c,d
where
is the parton distribution function and
is the fragmentation function [2] . In the above expression a † H is the creation operator of a hadron. The Wilson line is given by
where h µ is a x µ independent four vector.
One might wonder if one can obtain the proof of factorization theorem through symmetry considerations at the lagrangian level. Such an attempt was made in [5] to prove factorization of soft and collinear divergences by using background field method of QCD [6, 7] . However, the proof presented in [5] is incomplete for QCD although it is complete for QED [8] . The main difficulty is due to the gauge fixing term in the background field method of QCD which, unlike QED, depends on the background field [6, 7] . Recently we have derived a gauge fixing identity [9] which relates the generating functional in QCD with the generating functional in the background field method of QCD in pure gauge. In this paper we will provide a proof of the factorization theorem in high energy QCD by using this gauge fixing identity.
The most crucial statement of factorization theorem of Collins, Soper and Sterman is the appearance of the Wilson line eq. (4) in the definition of the structure functions and fragmentation functions in eqs. (2) and (3) 
This can be shown as follows.
The Wilson line eq. (4) can be written as
Using the Fourier transformation
we find from eq. (6) the phase factor
which is precisely the Eikonal Feynman vertex for soft and collinear divergences. For example if we choose h µ = n µ , where n µ is a fixed lightlike vector having only "+" or "-" component
we reproduce the divergences due to soft gluons. Similarly, if we choose h µ = n 
we reproduce the Feynman rules for the collinear divergences [1] . Multiplying a x µ independent free vector h µ and dividing h · ∂ from left in eq. (5) we find In QCD, the generating functional is given by
Under the infinitesimal gauge transformation the quantum gluon field Q a µ transforms as
In the background field method of QCD the generating functional is given by [6, 7] 
where A a µ is the background field. The gauge fixing term is given by
which depends on the background field A a µ . When the background field A a µ (x) is pure gauge in QCD given by
we find from [9] 
The fermion fields and the corresponding sources transform as follows
This gives
Using eq. (21) in (17) we find
Hence from eqs. (22), (19) and (20) we finally obtain
The correlation function in the presence of the background field A a µ (x) is given by
The correlation function in QCD (without the background field) is given by
Using eqs. (23), (24), (25) and (20) we find
By taking appropriate color traces in eq. (26) and by using eqs. (11) and (6) 
which proves the factorization theorem by using background field method of QCD. All the A a µ (x) dependences (responsible for soft and collinear divergences) have been factored into the path ordered exponentials or Wilson lines. This concludes the proof of factorization theorem in high energy QCD through symmetry considerations at the lagrangian level.
